













r m 1 _ IB Jf _ M M _ "W _ 


■ 


jfi B- 

JKiwna Monthlym 






wTraiima Monthly 




1 ~ ^«dk. 


KOWSAR 




www.traumamon.com 


■ 



A Simple and Light Weight External Fixator for Distraction Advancement 
Manoplasty 

Shahram Nazerani \ Mohammad Hosein Kalantar Motamedi 2 , Adel Ebrahimpoor 3 , Jalal 
Vahedian \ Tara Nazerani \ Tina Nazerani \ Bardia Bidarmaghz 1 

1 Department of Surgery, Tehran University of Medical Sciences, Tehran, IRIran 

2 Trauma Research Center, Baqiyatallah University of Medical Sciences, Tehran, IRIran 

3 Department of Orthopedics, Shahid Beheshti University of Medical Sciences, Tehran, IRIran 

* Corresponding author: Mohammad Hosein Kalantar Motamedi, Trauma Research Center, Baqiyatallah University of Medical Sciences, Office of the Editor, 
Tehran, IRIran.TeL: +98-9121937154, Fax: +98-2188053766, E-mail: Editor@traumamon.com 

ABSTRACT 

Background: With the growing interest in long bone distraction several types of distractors have been introduced; all have the same principle 
of an outer structure which acts like a scaffold and the distracting mechanism is a separate device which is mounted on this outer structure. 
Objectives: We have used a simple and very light weight external fixator we designed and discuss the results of distraction and advantages 
of this device . 

Materials and Methods: We applied our distractor to treat 14 men and four women, with a mean age of 39 years. There were three thumbs and 
23 fingers; 26 digits (18 patients) lengthened by distraction callotasis and second stage bone grafting evaluated accordingly. 
Results: All patients but one were satisfied with the results and a stable pinch and grip was obtained. After lengthening, all patients maintained 
sensation of the finger pulp, as assessed by the Semes - Weinstein test. 

Conclusions: The superiority of this device for manoplasty lies in its simplicity of construction in addition to being, lightweight and also eases 
of application. 
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1. Background 

From the first reports of a new technique, i.e. long bone 
distraction, from Russia by Dr. Ilizarov there has been 
growing interest in this method and several types of dis- 
tractors have been introduced (l-3).They all have the same 
principle of an outer structure which acts like a scaffold 
and the distracting mechanism is mounted on this outer 
structure and the distraction mechanism slides over this 
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outer structure or the scaffold. 

2. Objectives 

The objective of this study was to test the effectiveness 
of the distractor we have designed; it is radically differ- 
ent from the current types because the distracting device 
is the outer structure (scaffold) or the "rods" themselves; 
the rods in currently available distractors act as only scaf- 
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fold and the distracting device is mounted over these 
rods. In our device the rods are long screws with an "eye" 
at one end and the sliding sleeve with two "eyes" for the 
pins which will distract the bone and these sleeves slide 
over the rods by tightening the bolts behind the sleeve on 
the rods (Figures 1-3). 




Figure 1. The Rods Can be of Differing Lengths for Fingers or in Children 
who Have Smaller Phalanges 




Figure2. Ilizarov Original Device and our Device Depicted Together; the 
Assembled Ilizarov Device Weighs 32.5 Grams and our Assembled Device 
Weighs 6.5 Grams 




Between 2007 and 2012, we carried out distraction cal- 
lotasis on 45 digits in 32 patients. In order to consider 
the factors which influenced the period of healing, we 
excluded children from the study. These left 26 digits in 
18 patients. There were 14 men and four women, with a 
mean age of 39 years (18 to 62). All the digits had had trau- 
matic amputation. Assembling of the distractor is very 
simple and consists of insertion of one proximal pin at 
the most proximal part of the bone to be distracted or 
sometimes in the metacarpal proximal to the bone to be 
distracted and two parallel pins at the distal part of the 
bone to be distracted. For the metacarpal distraction one 
pin is inserted longitudinally in the distal part of bone 
to be distracted and the proximal part of pin is bent as a 
hook which will grasp the bone and exert traction. 

After assembling the device with a distal balancing 
sheet plate to hold the configuration of the distractor in 
a perfect rectangle the osteotomy is performed and the 
wound is closed ( Figure 4 ). The distraction begins after 
three or four days depending on the wound condition 
and propelled forward till the desired length is achieved. 
In this series the lengthened bones involved three 
thumbs (2 metacarpals and 1 distal phalanx), nine index 
fingers (l metacarpal and 8 proximal phalanges), seven 
middle fingers (2 metacarpals, 4 proximal phalanges and 
1 middle phalanx) and seven ring fingers (4 proximal pha- 
langes and 2 middle phalanges and 1 distal phalanx). The 
level of the osteotomy was at the proximal metaphysis 
in 10 digits (3 metacarpal and 7 proximal phalanges), at 
the middle diaphysis in 13 digits (7 metacarpals, 5 proxi- 
mal phalanges and 1 middle phalanx) and at the distal 
metaphysis in three digits (3 proximal phalanges). The 
external fixator which we have designed is a simple de- 
vice consisting of two threaded rods or long screws that 
are joined by pins passing through the bone and the dis- 
traction part of the device is a steel sleeve that has eyes 
for the pins and slides easily over the rods. Two screws 
behind the sleeve act as the distraction mechanism and 
two bolts are necessary to hold the distractor, the second 
one behind the first bolt acts as a "brake" to prevent back 
spiraling of the first bolt with increasing pressure of dis- 
traction. To hold the fixator in a perfect rectangle a steel 
sheet is inserted at the distal part of the fixator to hold it 
straight. 




Figure 3. The Assembled Device is Depicted; the Distal Two Pins Transport 
the Bone Distally 



Figure 4. The Assembled Device is Seen with the Distal Balancing Plate to 
hold the Device in a Complete Rectangle 



3. Materials and Methods 
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4. Results 



Trauma Mon. 2012:17(3) 



Nazerani Setal. 



Minor pin-track infection occurred in two digits, but 
this healed after local treatment. During lengthening of 
the thumb, an adduction contracture occurred in one 
metacarpal lengthening and a flexion contracture of the 
metacarpophalangeal joint occurred in another patient. 
In the other digits, a flexion contracture of the metacar- 
pophalangeal joint occurred in 5 digits (1 metacarpal and 
4 proximal phalangeal lengthening). An extension con- 
tracture of the proximal interphalangeal joint occurred 
in two cases of proximal phalangeal lengthening. In the 
remaining patients, active exercises and splint therapy 
reduced these contractures, although a flexion contrac- 
ture of the metacarpophalangeal joint of 20° remained 
after two proximal phalangeal lengthenings. 

The clinical results were assessed to determine whether 
the expected length had been achieved, and the external 
fixation index (EFI) and the healing index (HI) were deter- 
mined. The EFI is the time needed for an external fixator 
to provide 1 cm of lengthening. The HI is the time taken to 
achieve consolidation in the gap for 1 cm of lengthening. 
There was no significant correlation between the HI and 
the age of the patient. There was no significant relation- 
ship between the distraction length and the HI or the EFI. 
The site of the osteotomy did not significantly affect the 
HI (P= 0.0974). 

4.1. Statistical Analysis 

Comparison of the HI for patients with and without 
complications was assessed by the Mann-Whitney U test 
and that of the HI between osteotomy levels was by the 
Kruskal-Wallis test. Differences were considered to be 
significant when the P value was less than 0.05. The HI 
with our device and the reported HI by other devices was 
identical although we adopted the bone graft protocol 
and when we reached the desired length we stopped the 
distraction and inserted a bone graft in the defect. In two 
18-year-old patients who had lengthening of the proximal 
phalanges and one 25-year old patient with lengthening 
of the middle phalanx, the operations were performed 
for cosmetic rather than functional improvement. In the 
remaining 15 patients, surgery was undertaken in order 
to improve pinch function. Of these, all but one was satis- 
fied with the result and a stable pinch grip was obtained. 
After lengthening, all patients maintained sensation of 
the finger pulp, as assessed by the Semes- Weinstein test. 
All but one patient, the 25-year-old with lengthening of 
the middle phalanx, indicated that they would accept the 
same procedure if they had the same problem again 

4.2. Case Presentation 

A 26 year old Taxi driver with amputation of index and 
long fingers from a childhood accident requested length- 
ening of the stumps so he can wear finger prostheses ( 
Figures 5 and 6 ). The remaining phalanges were too short 
for distraction with two parallel pins so we inserted a 
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small two holes plate at the osteotomy site in order to get 
more anchorage for distraction. The distraction was suc- 
cessful and a length of 24 mm was achieved which was 
bone grafted at the second stage ( Figures 7 and 8 ). The 
graft healed but with some volar bending of the proximal 
bones. After a web deepening procedure with skin graft 
he was able to wear the finger prostheses he had request- 
ed ( Figure 9 ). 




Figure 5. The Hand in Dorsal View 




Figure 6. The X Ray of the Remaining Phalanges 




Figure 7. The Distraction is Complete 
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Figure 8. The Bone Graft and Web Deepening Procedure has been done 




Figure 9. The Patient with Finger Prostheses in Place 



5. Discussion 

In our study here were 14 men and four women, with a 
mean age of 39 years. There were three thumbs and 23 fin- 
gers. The distractor we designed is very lightweight (6.5 
grams in a steel alloy model) and compared to other de- 
vices on the market such as the Ilizarov Device with 32.5 
grams weight, has several advantages such as uniform 
bilateral distraction and slim design in addition to being 
compact and lightweight. The distractor consists of rods 
which are long screws and the distractor part is a steel 
tube sleeve which is propelled forward by tightening 
the bolts under it. The time to complete distraction and 
long term results was identical to relevant published lit- 
erature. Distraction lengthening in the hand has become 
an established option for reconstruction in congenital 
anomalies and after traumatic amputations (4,5). In 1979, 
Matev first reported gradual distraction osteogenesis of 
digits (4). There are several advantages and disadvantag- 
es of callotasis in the hand. It is less invasive than other 
techniques since gradual distraction is possible, exer- 
cise can be carried out during treatment and sensation 
is maintained. Disadvantages include longer treatment 
times with an associated higher rate of complications 



and a need for complicated and bulky instrumentation. 
Pensler described numerous complications which may 
occur during the course of distraction. Pensler concluded 
that distraction osteogenesis of the digits was superior to 
other methods and offered safe, reliable and predictable 
results(6).In children, good results without complica- 
tions have been achieved with callotasis regardless of the 
original pathology or the lengthening required(7,8). 

In adults, complications such as fracture of callus or 
poor consolidation are more common. Matev recom- 
mended that a gap of 3 cm or more in patients over 20 
years of age should be filled with bone graft without delay 
because spontaneous consolidation is doubtful(4,9,10). 
Most authors have followed this procedure, which en- 
tails gradual lengthening and bone grafting(2,ll-l4). 
In our study, the mean HI was 101 days/cm (58 to 216) in 
the proximal phalanx. These data show that prolonged 
periods are needed for callotasis in adults. Aronson and 
Shen stated that the formation of newbone and miner- 
alization in the experimental healing of distraction os- 
teogenesis was better and quicker in metaphyseal than 
in diaphyseal bone(l5). Our study supports those of other 
authors who have advocated the metaphyseal site for the 
osteotomy during distraction osteogenesis. 

In this study, a simple and light weight distracter is in- 
troduced which is completely capable of acquiring the 
same results of the more expensive and sophisticated 
distracters available on the market. These distractors are 
small and light weight and are ideal for small children 
and the other noteworthy advantage is that they are in- 
expensive to manufacture , require no sophisticated ma- 
chinery to construct and yield the same results. 

Acknowledgements 

None declared. 

Financial Disclosure 

None declared. 
Funding/Support 

None declared. 

References 

1. Ilizarov GA. The tension-stress effect on the genesis and growth 
of tissues: Part II. The influence of the rate and frequency of dis- 
traction. Clin Orthop Relat Res. l989;(239):263-85. 

2. Rosslein R. First experience with a distraction apparatus proto- 
type (SM-fix-phalanx distractor) for phalanges lengthening. Eur J 
Pediatr Surg. 1993;3(4):231-5. 

3. Toh S, Harata S, Tsubo K, Narita S, Inoue S, editors. Finger length- 
ening: comparative study between callus destruction and Wag- 
ner's methods; 6th Congress of the International Federation of 
Societies for Surgery of the Hand; Boligna. 1995. 

4. Matev IB. The bone-lengthening method in hand reconstruction: 
twenty years' experience. J Hand Surg Am. 1989;14(2 Pt 2):376-8. 

5. Sawaizumi T, Ito H. Lengthening of the amputation stumps of 
the distal phalanges using the modified Ilizarov method. J Hand 
Surg Am. 2003;28(2):3l6-22. 



356 



Trauma Mon. 2012:17(3) 



Nazerani Setal. 



Distraction Advancement Manoplasty 



6. Pensler JM, Carroll NC, Cheng LF. Distraction osteogenesis in the 
hand. Plast Reconstr Surg. 1998;102(l):92-5. 

7. Tanaka J. [Lengthening middle hand and finger segment stumps 
by external distraction devices following traumatic amputa- 
tions and in congenital abnormalities] Handchir Mikrochir 
Plast Chir. 1988;20(4):198-203. 

8. Moy OJ, Peimer CA, Sherwin FS. Reconstruction of traumatic or 
congenital amputation of the thumb by distraction-lengthen- 
ing. Hand Clin. 1992;8(l):57-62. 

9. Gordon A, Page R, Saleh M. Index finger lengthening by gradual 
distraction and bone grafting. J Hand Surg Br. 1998;23(6):785-7. 

10. Matev IB. Thumb Reconstruction after Amputation at the Meta- 
carpophalangeal Joint by Bone-Lengthening A PRELIMINARY RE- 
PORT OF THREE CASES. J Bone Joint Surg. 1970;52(5):957-65. 



11. Eldridge JC, Armstrong PF, Krajbich JI. Amputation stump 
lengthening with the Ilizarov technique. A case report. Clin Or- 
thop Relat Res. 1990;256:76-9. 

12. Houshian S, Ipsen T. Metacarpal and phalangeal lengthening by 
callus distraction. J Hand Surg Br. 2001;26(l):13-6. 

13. Orhun H, Saka G, Bilgic E, Kavakh B. Lengthening of short 
stumps for functional use of prostheses. Prosthet Orthot Int. 
2003;27(2):l53-7. 

14. Toh S, Narita S, Arai K, Nakashima K, Tsubo K. Distraction 
lengthening by callotasis in the hand. J Bone Joint Surg Br. 
2002;84(2):205-10. 

15. Aronson J, Shen X. Experimental healing of distraction osteogen- 
esis comparing metaphyseal with diaphyseal sites. Clin Orthop 
Relat Res. l994;(30l):25-30. 



Trauma Mon. 2012:17(3) 



357 



